Objective: The aim of this study is to illustrate an evidence-based and theoretically informed mhealth resource (smartphone app) designed to provide communication support for informal cancer caregivers (friends or family members).
| BACKGROUND
Despite their pivotal role in providing patient support, decades of caregiving research illustrate that cancer caregivers experience distress and anxiety as a result of poor communication with family, friends, and providers. [1] [2] [3] [4] Distress can be caused by the perceived inability to communicate about cancer, 5 and difficult communication circumstances can create caregiver communication burden, defined as real or perceived communication challenges that impact caregiver quality of life. 6 For example, caregivers are often tasked with sharing diagnosis news with others, a complex role that involves deciding what information should be shared, when to share it, who should share the news, and how news should be shared. 7 Poor caregiver mental and physical health also impacts the ability to communicate effectively and contributes to communication burden. 8 Cancer caregivers are a unique caregiving population, and there are three distinctive reasons why cancer care influences communication burden. 9 First, multimodal therapies and different stages of disease contribute to the intensity of care 10 which can cause cancer information overload for the caregiver, leaving them confused and overwhelmed by the amount of new information to process. 11 Second, the trajectory of cancer care may also include survivorship, which creates a more fluid caregiving role. During this time, caregivers are no longer actively caregiving yet may engage in communication avoidance in order to evade discussing changes as a result of cancer. 12 Third, as outpatient cancer care becomes routine, cancer caregivers must engage in complex decision making and communication with multiple interdisciplinary providers. These distinguishing features of the cancer context warrant the need for cancer-specific caregiver resources and support.
Mobile health (mhealth) resources, such as smartphone apps, offer a viable support option for caregivers who face a steep learning curve when engaging information about cancer and need supportive tools for managing stress and developing coping skills. 13 Technologysupported resources for caregiving have the potential to meet the demand for flexible interventions and a range of informational and instructional topics. 14, 15 Smartphone apps, in particular, are easily accessible and often low or no cost. 16 National reports on caregivers and technology show that half of family caregivers are under age 50
and already online and connected, with 97% reporting feeling comfortable with computers and 80% feeling comfortable with smartphones and tablets. 17 Caregivers searching for smartphone apps are looking for caregiving resources, 17 and these resources focus primarily on providing a platform for staying connected with families, friends, and professional care providers, facilitating an organized approached to care and providing information to support decision making. 18 However, current technologies for caregivers are either ineffectively distributed or do not meet the needs of caregivers. 19 To date, the development of most mhealth apps does not include planning with the targeted user group, and acceptability testing remains one of the weakest aspects of app design. 16, 20 In order to improve utility and likeliness of mHealth adoption, 21 feedback from caregivers and providers needs to be incorporated into the development of such tools. This paper describes the development and preliminary feasibility of a mhealth resource, Caregiver Communication about Cancer (app), designed to provide communication support to cancer caregivers.
| METHODS-DEVELOPMENT AND ACCEPTABILITY TESTING
An eight-step process was conducted in the development and acceptability testing of the mhealth resource.
| Steps 1, 2, and 3
A description of the first three steps of the development process has been published elsewhere. 22 We conducted background research to review available caregiver mhealth resources. First, the iTunes store and Google Play were searched using the following combination of words: "cancer and caregiver app," "caregiver mhealth," "cancer caregiver mhealth," "mhealth for cancer caregivers," and "cancer caregiver app." Second, an Internet
Google search was conducted using the same combination of words described above. Third, all National Cancer Institute-designated cancer centers (n = 69) were searched for materials in four ways: (1) Internet search using the name of the cancer center and "cancer mhealth,"
(2) Internet search using the name of the cancer center and "cancer app," (3) searching the cancer center's website under "resources" or "patient and family" and search for "cancer app" and "cancer caregiver app," and (4) using the cancer center's internal search function on its website for "app" and "mhealth." Finally, the top 16 rated nonprofit cancer organizations were searched using this same algorithm. 25 The search for existing resources for cancer caregivers produced 200 smartphone apps. After removing the duplicates (n = 23) and the non-English apps (n = 2), the majority of remaining apps either did not relate to family caregiving for an adult patient (n = 89), were monitoring tools (n = 42) and games (n = 15), or appealed generally to seniors (n = 17). Of the 12 apps that remained, 11 were for diseases other than cancer [dementia (n = 6), Alzheimer's disease (n = 4), and autism (n = 1)].
Given that there were no resources available that focused on cancer caregiver communication, we decided to develop one.
|
Step 5-prototype development of Caregiver Communication About Cancer (app)
Contents from the print version of A Communication Guide for Caregivers© were used to establish the structure of an mhealth resource, while the six domains of family caregiver health literacy were integrated to become interactive resources within the app. In accord with plain language standards that increase access to information for a range of backgrounds, and informed by the cultural awareness concepts integrated throughout the COMFORT curriculum, app content was designed to be sensitive to a range of cultural needs united by the shared experience of cancer.
The following objectives guided the development of the interactive app: (1) improve caregiver communication skills related to caregiving, (2) facilitate information and resource sharing with other family members, (3) provide resources for caregiver self-care, and (4) increase knowledge about the disease and its management. The design plan included communication talking tips and resources for communication with the patient, family, far away family, and health care providers in addition to a feature for caregivers to record questions for health care providers and manage a "to do" list. A mhealth designer executed the planned contents in the form of a free iOS application currently available on the iTunes store. Table 1 illustrates the structure and content of the app.
Step 6-assessing acceptability of prototype 
| Step 7-provider assessment of quality and perceived impact
Next, we assessed demand for the app from cancer providers. Interprofessional health care providers who participated in a communication training course in the last 2 years were sent an email invitation to download and review the app using the Mobile App Rating Scale (MARS). 26 The MARS tool is used to assess the quality of app engagement, functionality, esthetics, and information as well as the perceived impact of the app on the user's knowledge and attitudes. Finally, providers were also asked if they would recommend the app to family caregivers. This research activity was considered exempt under City of Hope Institutional Review Board (#14153), with a waiver of written informed consent.
| Step 8-acceptability testing
Consistent with the majority of mhealth app research, we gathered a convenience sample. 27 The research team utilized the university's research match online system of individuals interested in participating in research and distributed a study announcement. Through this approach, 34 individuals agreed to be contacted. Caregivers had to be 18 years of age, English speaking, and have access to an Apple device (eg, iPad or iPhone). Caregivers volunteering for the project received an email from the research team providing a written information sheet about the study and a sheet requesting caregiver contact information. Caregiver participation was dependent upon return of initial contact email which decreased study enrollment rates.
Two research team members (EW and JX) contacted caregivers via email and asked them to download the app onto their personal device and use the app for 1 week as part of their routine caregiving.
A telephone interview was scheduled for the following week. Using a preset guide based on the Unified Theory of Acceptance and Use of Technology (UTAT), caregivers were asked to provide reactions to the app, report use of the app, give recommendations for improvement, and provide responses on two subscales of the UTAT scale. 28 Interviews were audiorecorded. This research activity was considered exempt under the Purdue University Institutional Review Board (#1711019861), with a waiver of written informed consent.
| Data analysis
Demographics and survey items for steps 7 and 8 were summarized using the Statistical Package for the Social Sciences (SPSS) to produce descriptive statistics. Qualitative responses generated in steps 6 and 8
were reviewed by three members of the research team (EW, JG, YM).
Open-ended responses were analyzed using an iterative process of thematizing. 29 First, each researcher studied the data independently and used open coding to identify responses that suggested a possible theme. Second, the researchers then met to identify, sort, and integrate themes that had been independently identified. A process of constant comparison allowed for the integration and collapsing of themes into broader associated categories. Third, researchers rereviewed the interview transcripts, and key categories were refined.
At this point, we collectively clarified the interpretive claims about the categories identified.
3 | RESULTS
|
Step 6-assessing acceptability of prototype
The prototype was presented for feedback to five family caregivers, ranging from 19 to 55 years old. All five family caregivers found the app easy to use, the size of the print in the app accessible, and that it was "very likely" that family caregivers could follow the talking tips in the app. Four of five caregivers reported that the app was logical, understandable, clear, and had an intuitive screen flow throughout the content. In terms of navigation and design, all five caregivers reported that the app was easy to navigate and intuitive across all screens. In terms of layout, three caregivers reported that the app was professional and simple, and two caregivers reported that it was mostly clear, and they were able to select and read items. One caregiver recommended using color-coded tabs at the bottom of the screen.
When asked how likely it would be for family caregivers to use the resources in the app, one caregiver shared that "It was easy for me." Another caregiver described: "I personally would use the app. It reminds me of a pumped-up version of 'Caring Bridge' (another app)," and another remarked: "This app would be perfectly fit and helpful for caregivers. It's very interesting." Two of the five caregivers shared that the app would not be useful as it needed "to include more links, more information," yet others in their family may benefit: "It's not something I would use but other family members might."
| Step 7-provider assessment of quality and perceived impact
Twenty-six cancer providers assessed the quality of the app. The majority of providers were nurses (69.2%) and had more than 16 years of clinical experience (53.8%) working with family caregivers. All but one provider could think of family caregivers who would benefit from the app, and would recommend the app to caregivers. Providers felt the app would be impactful in increasing the user's knowledge and improving attitudes toward family caregiving.
On the five-point scale (5 = strongly agree), providers ranked the app very likely to increase awareness of family caregiver needs In terms of app functionality, performance, and esthetics, the providers ranked the app very high in all three dimensions. See supplemental appendix which summarizes feedback from providers.
Across all ratings, 92.3% (n = 24) of providers ranked the app high in design (consistency and intuitiveness across components), layout (arrangement and size of buttons), and information quality (correct, well-written content). Lower ratings were for app strategies to encourage repeat use, app customization for retaining user's setting preferences, and app interactivity for user to provide input and feedback.
| Step 8-acceptability testing
Acceptability testing was conducted with six cancer caregivers, four current caregivers, and two former caregivers who had provided care within the last 3 years. Caregivers provided care to patients with a variety of cancer types for an average of 1 to 2 years, and the majority of caregivers worked full time, were female, and Caucasian. On a seven-point scale (7 = likely), caregivers perceived the app to be useful (5.23) and had high perceived ease of use (6.00). The overall positive feedback about app acceptability was also reflected in the caregiver interviews. All of the caregivers who used the app reported a need for the app in cancer caregiving, sharing that they had experienced communication tension about discussing cancer. Caregivers agreed that they would be more likely to use the app if it were recommended by a member of the health care team. Table 2 summarizes caregiver recommendations for app modification. • Customizable/shareable reminders, notes, and patient overview chart
• Providers felt strongly that informal caregivers would benefit from the app and indicated that they would recommend the resource to caregivers. This is an essential finding, as caregivers are not always aware of available resources and often do not feel like they have enough time to acquire and learn a new technology. 13 Providers also felt the app would increase caregiver communication knowledge, and positively impact family caregiver concerns and caregiver support seeking strategies. Esthetics, design, and performance were ranked very highly by providers, while the "interesting to use" and "app interactivity" elements were identified as areas to improve in future iterations/builds.
For caregivers, the app was rated least useful in terms of cancer caregiving tasks (cancer information-driven content), but the resource was found to be highly useful in the overall experience of caregiving, easy to use and navigate, and very understandable. Aligning with current research about caregiver preferences, the app is easy to set up and use, and includes an accessible design, especially for older adult populations. 18 Overall, caregivers indicated that there was a need for such a resource in the caregiving experience. 32 Learning more about how mhealth resources are used and how effective they are will require concerted research efforts like those exhibited in this multistep study. 33 Next steps include the implementation of the app across a larger population to determine the extent to which the app can be successfully integrated into care, and to test the use of the app in a proof-of-concept exploratory randomized controlled trial.
| Clinical implications

| Study limitations
This study is limited in that there were a small sample of caregiver testers, and we were testing a prototype instead of a finalized product.
Although a small sample size for exploratory acceptability studies is standard, the material and its implementation in care need further examination. As noted in a recent systematic review of mhealth apps in health promotion, the small sample size limits generalizability. 27 Still, studies on new ideas that are aimed at innovative translational research typically involve a relatively small sample size. 34 This study is similar to other published research on app development and acceptability where 8 to 10 users are routine for feasibility and usability testing. 35, 36 The study required caregivers to have an iPhone or iPad as the prototype was developed for use on the iOS platform only. Given that a review of apps for caregivers 37 concluded that apps were most useful when they were available for multiple devices (eg, iPhone, Android, etc), recruitment efforts may have been stymied by prototype design on one platform. 
